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Title; Air Conditioning System 

Descri ption of Invention 

This invention relates to an air conditioning system and more 
particularly ts such a system for an aircraft. 

It is a requirement in an aircraft to supply cool air to a pressurised cabin 
thereof. Ustiilly the cabin air is recirculated with some of the stale air being 
refreshed by air obtained from the exterior of the aircraft. 

Typically such external air is bled from an engine of the aircraft and is 
thus pressurised. Such air requires filtering and cooling before being mixed 
with recirculating air for introduction into the aircraft cabin for breathing and 
for the maintenance of comfortable conditions- 
It is known to cool the air by exchanging heat in the hot pressurised air 
with cooler cimbient air. This may efficiently be achieved by first compressing 
the bled air to increase its temperature and pressure before cooling the air. Also 
it is known to cool the air further by expanding the air over an expansion 
turbine, which also results in some pressure loss in the compressed air. 

With conventional systems, hot cabin air is ejected from the air 
conditioning system and loss of volume is made up by the cooled conditioned 
bleed air. Thus the heat energy of the hot cabin air which is ejected, is wasted. 

Especially where an aircraft is parked on the ground in hot climatic 
conditions, tie cabin air may become very hot and using a conventional air 
conditioning system, it may take some time after the air conditioning system is 
started up, eg, when the aircraft engine or engines are started, or when a 
ground based support unit is used to provide air to the air conditioning system, 
for the cabin air to be cooled to a desirable temperature. Thus a considerable 
amount of heat energy may be wasted. 
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Avioric systems such as electronic, hydraulic etc. systems produce heat 
in use, and at least some such systems, particularly electronic systems, require 
cooling to protect the system components from heat damage. Again heat energy 
is discarded ;ind thus wasted by conventional avionics cooling systems. 

Accoiding to one aspect of the invention we provide an air conditioning 
system for an aircraft in which cabin air is recirculated and mixed with cold air 
from an air conditioning machine which includes at least an expansion turbine 
over which warm pressurised air is expanded and cooled, and wherein the 
system includes a heat exchanger in which a heat load from hot cabin air is 
exchanged with the warm pressurised air prior to the pressurised air being 
expanded by the expansion turbine. 

Thus by virtue of an expansion turbine operating more efficiently to cool 
air whilst minimising air pressure loss, the waste heat in the cabin air is usefully 
employed to provide energy to improve the cooling efficiency of the expansion 
turbine. 

Accoiding to a second aspect of the invention we provide an air 
conditioning system for an aircraft in which cabin air is recirculated and mixed 
with cold air from an air conditioning machine which includes at least an 
expansion turbine over which warm pressurised air is expanded and cooled, and 

wherein the .system includes a heat exchanger in which a heat load from a hot 
avionics system is exchanged with the warm pressurised air prior to the 

pressurised air being expanded by the expansion turbine. 

Thus the waste heat produced by the avionics system is usefully 

employed to provide energy to improve the cooling efficiency of the expansion 

turbine. 

Preferably in an air conditioning system of die invention, in a first mode 
of operation a heat load from hot cabin air is exchanged with the warm 
pressurised tit prior to the pressurised air being expanded by the expansion 
turbine, and in a second mode of operation a heat load from a hot avionics 
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system is exchanged with the warm pressurised air prior to the pressurised air 
being expanded by the expansion turbine. 

It will be appreciated that upon aircraft engine start up, when the cabin 
air may be much hotter than desired, the air conditioning system may be 
operated in the first operational mode, whilst when the cabin air is cooled 
towards a desired temperature, the air conditioning system may be operated in 
the second operation mode, 

Thus die invention provides an air conditioning system in which the 
control of cabin air flow and avionics system heat loads are integrated- 

The invention will now be described with reference to the accompanying 
drawing whLCh is an illustrative diagram of an air conditioning system in 
accordance with the invention. 

Refer ing to the drawing an air conditioning system 10 for an aircraft 
includes a ran air inlet 11 through which ambient air is introduced to the 
system. On the ground, snch air may be driven into the system 10 by a ground 
based unit, but when the aircraft is in flight the ram air generally is driven into 
the system 10 due to the movement of the aircraft through the air. 

The system further includes another air inlet 12 for air bled from the 
engine, Such bleed air is hotter than the ram air, and is pressurised. 

The hotter bleed air from inlet 12 is fed to a primary heat exchanger 16 
where heat is exchanged with the cooler ram air from ram air inlet 1L The 
cooler ram air from ram air uilet 12 is also used to cool hot air in a secondary 
heat exchanger 18 as hereinafter described. The thus warmed ram air then 
returns to ambient, with the assistance of fans 19, 20 as hereinafter described. 

The fiins 19, 20 will assist in drawing in ram air through ram air inlet 12, 
particularly when the aircraft is on the ground, and no ground based unit is 
available, e.£ as the aircraft taxiing. 

The air conditioning system 10 includes a two stage compressor/turbine 
arrangement In a compressing section of the system 10, the cooled bleed air is 
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fust fed fton the primary heat exchanger 16 via a duct 22 to a low pressure 
compressor 23 which thus pressurises and causes heating of the bleed air. From 
the low pressure compressor 23 the pressurised and heated air is fed along a 
duct 24 to a high pressure compressor 25 where the air is further pressurised 
and heated. 

The resulting high pressure and hot air is passed to the secondary heat 
exchanger 115 along a duct 27, and from the secondary heat exchanger 18 the 
cooled, now warm high pressure air passes along a duct 29 to a cooling section 
of the system 10. The warm pressurised air is fed from duct 29 to a high 
pressure water separator 31 via a heat exchanger indicated at 30, where the 
warm pressurised air is slightly cooled for a purpose hereinafter explained. 

The warm pressurised air is then fed via a duct 32 to a first, high 
pressure, expansion turbine 34 where the warm pressurised air expands and is 
cooled. From me high pressure turbine 34, the cooled lower pressure air is 
passed along a duct 35 to a medium pressure water separator 36 further to dry 
the air, and the medium pressure dried air then passes via a load heat exchanger 
38 where the air is warmed, and via the re-heater heat exchanger 30 where it is 
further warmed, via a duct 40 to a second low pressure expansion turbine, 
where the air is further and substantially cooled and its pressure reduced. The 
cold air passes from the second expansion turbine 41 via a duct 42 to a mixing 
box 43 from which air is supplied to an aircraft cabin 44, 45, Two ducts are 
shown leadirg from the mixing box to respective parts of the cabin 44, 45, e.g. 
a main cabin part and the aircraft's flight deck. Air recirculated from the 
aircraft cabin 44, 45 via a recirculating loop 46 with fan 60 is mixed with the 
cold air from the duct 42 in the mixing box 43. An outlet for stale air from the 
cabin 44, 45 to ambient atmosphere is indicated at 47, including a valve for 
controlling such outlet. 

In thiii example, the low pressure compressor 23 and the second low 
pressure turbine 41 are carried on a common shaft 51 such that the compressed 
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air expandiEg across the turbine 41 drives the low pressure compressor 23. 
Furthermore one (20) of the fans 19, 20 which is effective to eject warmed ram 
air from the system 10 is also provided on the shaft 5 1 and is thus driven by the 
expanding compressed air, 

The first high pressure expansion turbine 34 is carried on a shaft 50 on 
which the high pressure compressor 25 and other fen 19 are carried so tfcat the 
high pressure compressor 25 and fan 19 are driven by the pressurised air 
expanding across the first turbine 34. 

It car be seen from the drawing that in the compressor section of the 
system 10 there is a valve controlled by-pass 53 from the duct 22 to the first 
compressor 23, to the duct 24 between the low pressure compressor 23 and the 
high pressure compressor 25 9 and a further valve controlled by-pass 54 from the 
duct 24 to duct 27 from the high pressure compressor 25, so that the high 
pressure compressor 25 can be by-passed as permitted by the valve. Also, there 
is a valve controlled by-pass 55 from the duct 27 to the duct 29 from the 
secondary hoat exchanger 1 8- 

In th<: cooling section of the system 10 there is a valve controlled by- 
pass 56 from the duct 32 to the first turbine 34 to the outlet of the turbine 34, a - 
valve controlled by-pass 57 from the duct 29 from the secondary heat 
exchanger 18 to the outlet duct 35 from the first turbine 34, and a valve 
controlled by-pass 58 from the duct 40 to the second expansion turbine 41, to 
the cold air duct 42 from the second expansion turbine 41- 

The valves of the by-passes 53, 54, 55, 56, 57 5 58 may be operated by a 
system controller (not shown) to balance the system 10 In various operating 
conditions, and to ensure that the cold air entering the mixing box 43 is of a 
desired temp erature and pressure. 

It will be appreciated that when the aircraft is on the ground particularly 
in hot climetcs, the cabin temperature can rise significantly, for example to 
55°C. Conventionally upon system start-up such hot cabin air has simply been 
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recirculated until the air is cooled by mixing with cold air in the mixing box 43, 
to a desired cabin temperature. Thus the heat of the cabin air is lost from the 
system 10. A proportion of the air in the cabin 44, 45 may be ejected to 
ambient as indicated through the outlet 47, so that a proportion of the cabin air 
44 is refreshed by the ait from the air conditioning system 10. 

In accordance with the present invention, the system 10 provides a 
means for re;overy of heat energy from hot cabin air. 

Cabin aix is recirculated from the cabin 44 with fan 60 assistance, and a 
proportion of the hot cabin air may thus be diverted by a valve 64 via a duct 62 
to the load heat exchanger 38 through which the medium pressure air from the 
first expansion turbine 34 passes. Thus heat from the hot cabin air is used to 
warm the cooled medium pressure air prior to passing to the second expansion 
turbine 41 . 

This is useful because an expansion turbine operates most efficiently at 
cooling hofer air without losing pressure. Thus the medium pressure cooled air 
from the first expansion turbine 34 is heated by the hot cabin air in the load heat 
exchanger 28 so that the second expansion turbine 41 can operate most 
efficiently a: producing cold air for mixing with recirculated cabin air in the 
mixing box 43. Heat recovered from the load heat exchanger 38 and/or the 
reheater 30 =an be used by the first turbine 34 to increase its rotating speed, 
boost its pre ssure ratio, and increase the expansion of air across the turbine. 
This provides more cooling for a given mass flow. 

It is far the same reason that the re-heater heat exchanger 30 is provided 
to warm the warm air from the secondary heat exchanger 18, before that air is 
fed to the fir 3t expansion turbine 34. 

Whcr the aircraft cabin 44 air has cooled towards a desired temperature, 
the cabin air may no longer be diverted into duct 62. The amount of cabin air, if 
any, diverted to duct 62 may be controlled by the valve 64 under the control of 
•the system controller. 
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However as the aircraft is used, other avionic systems 68 of the aircraft 
may produce heat. Such systems 68 may be for example navigational or other 
instrumental systems, hydraulic, electronic or any other system which produces 
heat. At leant some of these systems, especially electronic systems, require 
cooling. 

Whereas conventionally, such heat produced by the avionics system 68 
would be loiit after cooling, in the present invention, such heat energy may 
usefully be used, by feeding a coolant such as air in heat exchange relationship 
with the avionics system 68 to be cooled, along a duct 70 (including a non- 
return valve 71) to the load heat exchanger 38, A fan 72 in the duct 70 is 

operated to regulate the amount of cooling of the avionics system 68, depending 
upon the sysiem 68 *s temperature and whether cabin air is also being fed to the 

load heat exc hanger 38- The return duct from the load heat exchanger 38 has a 

duct 66 branching off it, to lead to a valve 65 where it joins the recirculating 

loop 46. 

In normal flight when the cabin 44 has been cooled to a desired 
temperature, this temperature may readily be maintained without diverting 
cabin air to he load heat exchanger 38 and thus in flight, when the avionics 
systems 68 are creating the most heat, the load heat exchanger 38 may recover 
that heat energy as described. 

Various modifications may be made without departing from the scope of 
the invention. Particularly the system 10 described and shown in the drawings 
includes a low pressure air conditioning machine provided by the shaft 51 and 
the first com] pressor 23 and second expansion turbine 41 and a high pressure air 
conditioning machine provided by the shaft 50, the second compressor 25 and 
the first expansion turbine 34, each machine including on a common shaft 51, 
51a respective fan 20, 19. In another arrangement, only one fan 19, 20 may be 
provided, an3 the compressors 23, 25 and expansion turbines 34, 41 may be 
provided otherwise than on respective common shafts 50, 51 . 
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Although the re-heater heat exchanger 30 is preferably provided, this is 
not essential. 

A proportion of the cabin 44 air may be disposed of to allow for air 
refreshment otherwise than as described through outlet 45. 

As described above, either the hot cabin air is diverted to the load heat 
exchanger 2 8 when the cabin air is above a desired or predetermined 
temperature range, in a first operating mode, or the heat load from the hot 
avionics system 68 is provided to the load heat exchanger 38 in a second 
operating mode. If desired, heat load from the cabin air and avionics system 68 
may be prov ded to the load heat exchanger 38 during a transition phase before 
the cabin air has been cooled to below the predetermined temperature range and 
whilst the avionics system 68 is hotter than another predetermined temperature. 

The valves 64, 65 shown in the system above may be modulating valves 
of suitable tj-pe, and may be controlled in respect of their operation to operate 
in a predetermined relationship to one another, 

The features disclosed in the foregoing description, or the following 
claims, or the accompanying drawings, expressed in their specific forms or in 
terms of a msans for performing the disclosed function, or a method or process 
for attaining the disclosed result, as appropriate, may, separately, or in any 
combination of such features, be utilised for realising the invention in diverse 
forms thereof. 
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CLAIMS 

1. An air. conditioning system for an aircraft in which cabin air is 
recirculated \md mixed with cold air from an air conditioning machine which 
includes at least an expansion turbine over which warm pressurised air is 
expanded and cooled, and wherein the system includes a heat exchanger in 
which a heat load from hot cabin air is exchanged with the warm pressurised air 
prior to the pressurised air being expanded by the expansion turbine. 

2. An ar conditioning system for an aircraft in which cabin air is 
recirculated ;ind mixed with cold air from an air conditioning machine which 
includes at 'east an expansion turbine over which warm pressurised' air is 
expanded and cooled, and wherein the system includes a heat exchanger in 
which a heat load from a hot avionics system is exchanged with the warm 
pressurised *iir prior to the pressurised air being expanded by the expansion 
turbine. 

3. An ar conditioning system for an aircraft in which cabin air is 
recirculated ;ind mixed with cold air from an air conditioning machine which 
includes at '.east an expansion turbine over which warm pressurised air is 
expanded and cooled, and wherein the system includes a heat exchanger in 
which in a first mode of operation a heat load from hot cabin air is exchanged 
with the warm pressurised air prior to the pressurised air being expanded by the 
expansion turbine, and in a second mode of operation a heat load from a hot 
avionics system is exchanged with the warm pressurised air prior to the 
pressurised air being expanded by the expansion turbine. 
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4. A method of operating an aix conditioning system in an aircraft of the 
kind in which cabin air is recirculated and mixed with cold air from an air 
conditioning machine which includes at least an expansion turbine over which 
warm pressurised air is expanded and cooled, and wherein the system includes 
a heat exchanger in which a heat load is exchanged with 1he warm pressurised 
air prior to 1he pressurised air being expanded by the expansion turbine, the 
method including diverting a heat load being hot cabin air to the heat 
exchanger. 

5. A me Jiod of operating an air conditioning system in an aircraft of the 
kind in which cabin air is recirculated and mixed with cold air from an air 
conditioning machine which includes at least an expansion turbine over which 
warm pressurised air is expanded and cooled, and wherein the system includes 
a heat exchanger in which a heat load is exchanged with the warm pressurised 
air prior to ihe pressurised air being expanded by the expansion turbine, the 
method including providing the heat load from a hot avionics system to the heat 
exchanger. 

6. A meiiod of operating an air conditioning system in an aircraft of the 
kind in which cabin air is recirculated and mixed with cold air from an air 
conditioning machine which includes at least an expansion turbine over which 
warm pressurised air is expanded and cooled, and wherein the system includes 
a heat exchanger in which a heat load is exchanged with the warm pressurised 
air prior to ihe pressurised air being expanded by the expansion turbine, me 
method including in a first mode of operation, diverting a heat load being hot 
cabin air to he heat exchanger, and in a second mode of operation providing 
the heat load from a hot avionics system to the heat exchanger. 
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7. A meihod according to claim 6 wherein the first mode of operation of 
the method is performed when the cabin air is hotter than a predetermined 
temperature range, and the second mode of operation of the method is 
performed when the cabin air is at or below the predetermined temperature 
range. 

8. A me hod according to claim 6 ox claim 7 wherein the first and second 
modes of operation of the method are performed concurrently during a 
transition pliase as the cabin air temperature is above the predetermined 
temperature range and the avionics system Ls hotter than another predetermined 
temperature range. 

9. An air conditioning system for an aircraft, or a method of operating 
same, substantially as hereinbefore described with reference to the 
accompanying drawing. 

10. Any novel feature or novel combination of features described herein 
and/or in the accompanying drawings. 
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ABSTRACT 

Title: Air Conditioning System 



An air conditioning system for an aircraft in which cabin air is 
recirculated and mixed with cold air from an air conditioning machine which 
includes at least an expansion turbine over which warm pressurised air is 
expanded atd cooled, and wherein the system includes a heat exchanger in 
which a heat load from hot cabin air and/or a hot avionics system is exchanged 
with the warm pressurised air prior to the pressurised air being expanded by the 
expansion turbine. 
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